Aetiological factors known to influence the development of leukaemia in man include ionizing radiation and chromosomal abnormalities (Miller, 1964) . Viral agents haVe been demonstrated in laboratory animals and although virus-like particles and mycoplasma have been found in affected marrow cells (Negroni, 1964; Grist and Fallon, 1964) attempts to show a direct causal relationship have so far been unsuccessful in man. Epidemiological studies have become of increasing importance, and interest in the distribution has been stimulated by reports of clustering within various communities. The outbreak in one parish in Niles, Illinois, in which eight children developed the disease within 4 years, was thought to be due to an infectious cause, especially as there was an outbreak of a "rheumatic-like" illness during the same period (Heath and Hasterlik, 1963) . Other reports of smaller clusterings (Wood, 1960; Pinkel and Nefzger, 1959) were more open to interpretation as being due to chance distribution, although infection could not be excluded as a contributory factor. Studies of variation in San Francisco (Mustacchi, 1965) supported the view that cases tend to occur in a non-random way referable to the presence of previous cases.
As the incidence of leukaemia in the population is very low, it is necessary to develop statistical techniques of suitable sensitivity and validity to detect clustering, if it exists, especially within communities where the overall incidence is not obviously different from that expected. Ideally the same method should be applied to as many sets of comparable data as possible. The procedure of Knox (1963) , which was first used to study the epidemiology of childhood leukaemia in Northumberland and Durham (Knox, 1964) and later in Oregon (Meighan and Knox, 1965) , has recently been assessed independently (David and Barton, 1966) and shown to be an effective method of revealing space-time interaction.
The object of the present study is to examine data from the large conurbation centred on the port of Liverpool where clustering was not apparent.
METHOD
The records of patients diagnosed and treated at Alder Hey Children's Hospital, Liverpool, during the period 1955-64 were examined. Records were also obtained from the Royal Liverpool Children's Hospital for all children seen there during the same period. It is unlikely that any other patients, with home addresses in any of the seven administrative areas listed in Table I , have been diagnosed without being referred to one of these children's hospitals. Examination of the annual mortality returns of the The geographical data were obtained by plotting the position of the patient's home on a street map of Liverpool and neighbouring authorities, scale 4ff : 1 mile. The position was taken as the middle of the block in which the house was known to be situated. National Grid references were then read, the least significant figure representing 0f1 km.
RESULTS
During the 10-year period, 74 children were found to have had acute leukaemia. Taking the estimated population at risk as being 273,900, the mean annual incidence was 2 71 cases per 100,000 children over the whole area. In Liverpool, with 56 cases occurring in 187,700 children, the mean annual incidence was slightly higher, 2-98 per 100,000. Table I gives the number of cases by year in each administrative area. Thirteen cases were diagnosed in 1961, of whom twelve lived in Liverpool, and in 1956, out of eleven cases, three lived in Crosby and two in Kirkby. In order to see whether this apparent concentration of cases in time and space was of significance, the dates of onset were first arranged seasonally, as in Table II . In the whole group there is no obvious evidence of seasonal variation, 39 cases beginning between May and October ("summer") and 35 cases between November and April ("winter"), although if the date of diagnosis were considered, one might form a false impression that more cases occur in the summer-43 cases were confirmed during the 6-months from May to October, and 33 between November and April.
The time lag between onset of symptoms and date of diagnosis has been tabulated in relation to the month of onset but there is no significant difference in the intervals seen in this series.
The cases were then divided by age, sex, and type of leukaemia. As exact typing of the more primitive leukaemias may be very difficult, all cases have been described as (a) myeloblastic, (b) lymphoblastic including undifferentiated blastic leukaemia and two cases of lymphosarcoma which underwent leukaemic transformation, or (c) monocytic. There was one case of erythroleukaemia. The diagnosis in each case was based upon clinical findings and full haematological investigation including bone marrow biopsy.
Table III (opposite) shows the distribution by age of the whole group, by sex and type of leukaemia. The well-recognized distribution pattern with preschool peak incidence is apparent, but the preponderance ofmales to females (63-6 per cent. :36-4 per cent). Table IV shows the seasonal occurrence of the various types of leukaemia for all ages, subdivided by age group into under 5 years and 5 years and over. The only apparent difference in this series is a small increase in the number of cases of acute lymphoblastic leukaemia with summer onsets in the younger age group. X' testing gives P>0 5, however, and this impression is not statistically significant. The three cases of monocytic leukaemia all began in June, but no inference can be drawn from so few cases. In order to study the spatial distribution of cases and to determine whether certain areas contained excessive numbers of patients, the concentrations were calculated for each electoral ward of the city of Liverpool (Figure, overleaf) older terraced houses, many of which are overcrowded. Tuebrook, Vauxhall, and Westminster, the remaining wards with high incidence, are all areas in which most of the property is more than 50 years old and where overcrowding is common.
The data from all patients in the area were then analysed, using the computer technique first described by Knox in 1963, in Hence there is no evidence that the incidence of the disease is different in this part of the Merseyside conurbation from elsewhere in England and Wales.
The seasonal variation in onset detected by Lee (1962) and found elsewhere in Great Britain (Knox, 1964) is not definite in this series, but the slight increase seen in the number of cases of acute lymphatic leukaemia starting in the summer accords with Lee's later findings (1963) that this type of the disease is the one responsible for the summer peak.
In order to determine whether cases were tending to occur more frequently in some parts of the area than others, the data were examined in two ways:
(1) The distribution of cases in the city of Liverpool divided by electoral wards showed higher incidence in six of the more densely populated wards or parts of wards. The exact population of group.bmj.com on April 13, 2017 -Published by http://jech.bmj.com/ Downloaded from children at risk in each ward is not known but, as the more densely populated areas of Liverpool tend to have higher birth rates, it is likely that the numbers actually at risk in these overcrowded parts are somewhat higher than proportions based on the figures for the whole city. Making allowance for this inaccuracy, there is still some suggestion that cases tended to occur preferentially in certain parts of the city although this is a difficult hypothesis to test and it did not prove possible to elicit positive significance tests.
(2) The data for the whole area were analysed by computer, as described previously, to detect any clustering in time and space. The results obtained show discrepancies from those to be expected if the cases had occurred at random. An excess number of pairs with short distances and short times apart was found in the analysis of the whole group. The highest levels of significance are centred on pairs with intervals less than 4 km. and 300 days. This pattern of clustering is comparable with that found by Meighan and Knox (1965) when 69 cases under 15 years in Portland, Oregon, during 1950-61 were analysed by this method. Knox (1964) found a space-time interaction affecting lymphoblastic leukaemia of young children in Northumberland, Durham, and Teeside during 1951-60, which was maximal for pairs with intervals less than 1 km. and less than 60 days. He also found a higher risk in children living in larger towns, the urban incidence being 47d1 per 1,000,000 child-years aged 0-5. This may represent a slightly lower overall incidence than in Merseyside children, where the incidence of 43 2 per 1,000,000 child-years refers to the higher risk age group 0-4.
These results support those found in previous studies in which the same technique has been applied. It is important that similar analytic tools should be used for data from as many different areas as possible in order that valid comparisons may be made. SUMMARY There were 74 cases of acute leukaemia in children under 15 years diagnosed between 1955 and 1964 in the Liverpool area. Seasonal variation was not found, but cases tended to occur in certain more densely populated areas. A clustering factor was detected by application of a computer technique, an excessive number of pairs separated by less than 4 km. and 300 days being found.
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